Background: Atherosclerotic renal artery stenosis (ARAS) is a progressive but potentially reversible chronic kidney disease. Although the high sensitivity and specificity of renal Doppler scanning (RDS) for ARAS has been reported in western countries, ARAS has not been detected by RDS. This study used magnetic resonance angiography (MRA) to evaluate the sensitivity and specificity of RDS for detecting ARAS among outpatients at a nephrology clinic, and to calculate the degree of underestimation of ARAS by RDS. Methods: A total of 257 outpatients, aged > 50 years were examined for ARAS by RDS and MRA. Results: Thirty-seven (14.4%) and 139 (54.1%) of 257 patients had stenosis detected by RDS and MRA, respectively. Among the 220 patients whose RDS results were negative, MRA detected stenosis in 111 (50.45%). Multivariate logistic regression analysis showed that age > 65 years, duration of smoking, coronary artery disease, and serum creatinine levels > 354 μmol/L (4 mg/dL) were significant and independent factors that influenced ARAS in patients with negative results by RDS. Conclusion: RDS might still be the diagnostic procedure of choice for screening outpatients for ARAS because it is inexpensive, convenient, able to detect severity, and avoids the use of contrast media. When RDS is negative in aged people who have smoked longer than 20 years, with coronary artery disease or serum creatinine > 4 mg/dL, MRA is recommended for further evaluation of ARAS. [J Chin Med Assoc 2010;73(6):300-307] 
Introduction
Atherosclerotic renal artery stenosis (ARAS) is one of the most common primary diseases of the renal arteries. 1 It can occur alone (isolated anatomical RAS) or in association with hypertension, renal insufficiency (ischemic nephropathy), or both. 2 Echo-color Doppler has emerged as a reliable method for the diagnostic work-up of patients with suspected renovascular stenosis. The prevalence of ARAS ranged from 2.32% in 5,950 hypertensive patients 3 to 6.8% in the elderly population, 4 as determined by renal Doppler scanning (RDS). This prevalence determined by RDS 3, 4 was much lower than that reported using cardiac catheterization or aortography (11-42%) [5] [6] [7] and autopsy (4-53%). [8] [9] [10] [11] This implies that ARAS in many patients is not detected by RDS, [12] [13] [14] although the sensitivity and specificity of RDS for ARAS has been reported to range from 63% to 100% and 73% to 100%, respectively. 15, 16 These sensitivities and specificities of RDS in patients with ARAS were mainly found in western countries, and not in large groups in Taiwan. ARAS is a progressive 17, 18 but potentially reversible chronic kidney disease. [18] [19] [20] The damage to renal function, and its related morbidity and mortality, can be avoided if ARAS is diagnosed and treated early. 20, 21 Therefore, it is essential to detect ARAS and initiate medical or interventional therapy early to maintain the renal blood flow above the critical perfusion pressure, to prevent renal ischemic damage.
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This study used magnetic resonance angiography (MRA) to evaluate the sensitivity and specificity of RDS for detecting ARAS among aged patients at a nephrology clinic, and the degree of underestimation of ARAS by RDS.
Methods
Patients
ARAS is a disease of aging. Therefore, we enrolled 257 unselected patients, aged ≥ 50 years, who were visiting the outpatient nephrology clinic of Taipei Veterans General Hospital. Written informed consent was obtained from all patients. This study followed the Declaration of Helsinki, and was approved by the Institutional Research Board. Each patient underwent MRA after RDS and effective renal perfusion tests. Renal angiography is the undisputed gold standard in the diagnostic work-up for renovascular disease; therefore, confirmation by selective renal angiography was encouraged for patients with > 50% renal artery stenosis, as shown by MRA. The diagnosis and severity of ARAS was defined by MRA if selective renal angiography was not performed. Four grades were used to categorize the severity of ARAS: grade 1, < 25% stenosis; grade 2, 26-50%; grade 3, 51-75%; and grade 4, > 75%. Stenosis of > 50% was defined as significant.
Demographic data were collected, including age, sex, body weight and height, and history of smoking and alcohol consumption. Comorbid conditions, including underlying coronary artery disease (CAD), cerebrovascular disease, and diabetes mellitus were also recorded.
Laboratory tests
Blood pressure was measured before RDS. Creatinine clearance (Ccr) and urinary protein excretion were determined after 24-hour urine collection. Serum blood urea nitrogen, creatinine (Scr), cholesterol, uric acid, calcium, phosphate and albumin concentrations were measured by standard laboratory methods. Plasma renin activity, aldosterone and intact parathyroid hormone were measured using radioimmunoassay.
RDS
All RDS was performed by a registered technologist, and the diagnosis was made by a radiologist with extensive experience in ultrasonography. The 257 patients were scanned in the supine position using a multifrequency curved-array transducer (2-5 MHz). Doppler samples were taken from each renal artery and interlobar artery by a bilateral flank approach, while maintaining the angle of insonation at < 60°. The angle of insonation was estimated and combined with the spectral analysis from the Doppler-shifted signal, and the renal artery peak systolic velocity was estimated. In the decubitus position, a B-scan image of each kidney was obtained and kidney length determined. The result of the RDS examination was considered positive for RAS according to the following published criteria: (1) presence of turbulence before and after stenosis, with a color change (confetti phenomenon); (2) maximum flow velocity > 180 cm/sec at stenosis, with concomitant spectral broadening and aliasing (no Doppler signal was obtained from an imaged artery in the case of renal artery occlusion); (3) end-diastolic velocity > 50 cm/sec; (4) post-stenotic drop in velocity; (5) acceleration time > 0.07 seconds and slope of systolic upstroke < 3 m/s 2 ; or (6) resistance index associated with stenosis or occlusion of the segmental arteries < 0.5.
MRA
MRA was performed with parallel technique (asset number 1.50) using the following parameters: minimum echo time 0.9-1 millisecond; flip angle = 30°; bandwidth = 62.5 kHz; matrix size = 320 × 192; field of view = 35-40 cm; number of excitations = 1; slice thickness = 3.2 mm with zero interpolation; and locations per slab = 36. A standard bolus of 0.1 mmol/kg gadolinium-diethylenetriamine pentaacetic acid was injected into an antecubital vein at a flow rate of 4 mL/ sec. The degree of stenosis was determined by reviewing and measuring both coronal raw data and the coronal maximum-intensity projection, expressed as 180° rotational view (5°/frame), and was calculated as the diameter of the stenotic segment divided by the diameter of post-stenotic normal segment. Locations and lengths of stenosis were also measured.
Renal artery angioplasty and renal artery stent
Despite the risks of contrast nephropathy and atheroembolic renal disease, arteriography is considered to be the gold-standard diagnostic test. Twenty-four hours before and after angiography, patients were given hydration, 22 0.6 g N-acetylcystine 23 and sodium bicarbonate 24 to prevent iodinated contrast-induced nephropathy. A femoral artery approach was used after reviewing the MRA in each case. Aortography was performed first to check the general condition of the abdominal aorta and the renal arteries. Renal arteriograms were then taken for both kidneys and all the renal arteries. A Cobra or RLG catheter was used with a marker wire inside. The diameter and the stenotic segment of the renal artery were measured as compared with the marker wire. If the stenosis was > 50%, percutaneous transluminal angioplasty with a stent was carried out at the same time using a premount balloon-expandable stent. The size of the stent was chosen to be the same as or 10% larger than the normal renal arterial diameter. After introducing an angiosheath, a 6-or 7-Fr guiding catheter was advanced near the renal arterial orifice. The stent was advanced to cross the stricture segment. The position of the stent was checked by injection of contrast medium through the guiding catheter. The stent was then deployed after inflating the pressure gauge. Finally, renal arteriography was performed again, either by the guiding or diagnostic catheter, to check for dissection, bleeding or thrombosis.
Statistical analysis
Statistical analysis was conducted by the χ 2 test, Student's t test, Mann-Whitney test and logistic regression using SPSS Version 15.0 (SPSS Inc., Chicago, IL, USA). The variance inflation factor (VIF) was used to measure colinearity among independent variables in multiple regression analysis. The larger the value of VIF, the more troublesome was the variable. Generally, VIF > 10 indicates colinearity among predictor variables. VIF values are easily produced using SPSS (SPSS Inc.). A p value < 0.05 indicated statistical significance.
Results
The mean age and Scr levels of the 257 patients (192 male and 65 female) were 75.49 ± 8.63 years and 2.39 ± 1.42 mg/dL (range, 0.6-1.5 mg/dL), respectively. Thirty-seven (14.4%) and 139 (54.1%) patients were diagnosed with ARAS by RDS and MRA, respectively. Among the 37 patients diagnosed by RDS, 14 stenoses occurred on the right side, 14 on the left, and 9 were bilateral. Among the 139 patients with stenosis diagnosed by MRA, 44 stenoses were found on the right side, 38 on the left, and 57 were bilateral. Ninety-five of 139 (68.3%) patients who were diagnosed with ARAS by MRA were willing to undergo selective renal angiography for confirmation. Twentyeight of 37 (75.7%) patients whose stenoses were diagnosed by RDS were also shown to have ARAS by MRA. The diagnosis of stenosis made by MRA in 87 of 95 (91.6%) patients was confirmed by selective renal angiography. After eliminating the 8 patients who had negative results by selective renal angiography, there were 186 renal arteries with ARAS in the 131 patients who had true-positive results. This study showed a sensitivity of 20.14%, specificity of 92.37%, and positive predictive value of 75.68%, with an overall accuracy of 53.32% (Table 1) . Seventy-nine of 186 (42.5%) renal arteries were considered to have significant (> 50%) stenosis (Table 2) . Compared with the 126 patients without ARAS, the group of 131 patients with ARAS were older (mean age, 77.17 ± 7.64 vs. 73.74 ± 9.27 years, p = 0.001) and included a significantly higher number of smokers (65 vs. 43, p = 0.011) ( Table 3 ). The smokers in the group with ARAS also smoked more (0.49 ± 0.6 vs. 0.29 ± 0.52 packs per day, p = 0.005) and had smoked longer (21.93 ± 23.99 vs. 12.24 ± 20.10 years, p = 0.001) than those in the group without ARAS. The number of patients with CAD in the group with ARAS was significantly higher than in the group without ARAS (37 vs. 12, p < 0.001), as was the Scr level [mean, 2.54 ± 1.53 mg/dL (median, interquartile range, 2, 1.4) vs. 2.24 ± 1.28 mg/dL (1.85, 1.4), p = 0.083] and the number of patients with Scr level > 4 mg/dL (23 vs. 9). The Ccr rate (27.55 ± 12.61 vs. 32.83 ± 17.32 mL/min, p = 0.006) and the effective renal plasma flow (ERPF) (165.56 ± 64.39 vs. 189.85 ± 92.7 mL/min, p = 0.023) were significantly lower in the group with ARAS than in that without (Table 3) .
Among the 220 patients with negative results from RDS, there were 111 (50.45%) whose ARAS was diagnosed by MRA (Table 4) 6 , p = 0.001) were significantly higher in the group with results that were negative by RDS but positive by MRA, than the group whose results were negative by both methods. In contrast, Ccr (26.2 ± 11.73 vs. 32.5 ± 16.54 mL/min, p = 0.001) and ERPF (160 ± 63.59 vs. 185.8 ± 86.49 mL/min, p = 0.018) were significantly lower in the group whose results were negative by RDS but positive by MRA than in the group whose results were negative by both methods ( Table 4 ). The number of patients with > 75% RAS in the positive RDS group was significantly higher than in the negative RDS group [14/28 (50%) vs. 28/111 (25.23%), p = 0.02]. In a multivariate logistic regression analysis (Table 5) 
Discussion
Although the most accurate anatomical tests include RDS, MRA and computed tomographic angiography, 25 the latter was not used for this study because of the risk of ionizing radiation and a high incidence of contrast-induced nephropathy, 26 especially for patients with preexisting renal failure. 27 The mean Scr level of 2.39 ± 1.42 mg/dL (normal range, 0.6-1.5 mg/dL) in our patients further supported the decision against using computed tomographic angiography for further evaluation of ARAS after RDS used at the beginning of this study. In contrast, the use of intravenous gadolinium-based contrast media in magnetic resonance imaging has been found not to cause nephropathy in patients with renal insufficiency. 28, 29 Although nephrogenic systemic fibrosis related to nonnephrotoxic gadolinium-based contrast media has been reported in some patients with renal failure, factors such as dose of gadolinium and predisposing infection seem to play a role. [29] [30] [31] [32] There were no cases of nephrogenic systemic fibrosis in this or our previous study. 29 For the present study, the number of true-negative results was defined as the total number of patients minus the number of true-positive results (i.e. 257-139 = 118). This study showed that the sensitivity, specificity, and positive predictive value of RDS for ARAS in outpatients were 20.14% (28/139), 92.37% (109/118) and 75.68% (28/37), respectively (Table  1) . One hundred and eleven of the 220 (50.45%) patients who had negative results by RDS had a diagnosis of ARAS made by contrast-enhanced MRA. Specifically, stenosis was found in 154 of the 222 (69.37%) renal arteries of these 111 patients, and significant stenosis (> 50%) was found in 60 (38.96%) ( Table 4) . The superior results obtained using MRA suggest that MRA significantly reduces interobserver variability and offers reliable and reproducible grading of RAS based on stenosis morphology and hemodynamic changes. 33 The high proportion (80%, 111/139) of ARAS cases missed by RDS in the present study might be partially related to a high technical failure rate and operator dependence. 34 Doppler flow volume measurements require the calculation of vessel diameter, which can Detection of atherosclerotic renal artery stenosis introduce considerable error. In contrast, RDS demands optimal sonographic test conditions and is limited by patient obesity and intestinal gas overlying the area of interest. 35 The large variability in duplex results among different laboratories has been attributed to differences in the type of ultrasound machine, the transducer, and the operator. Laboratory-specific rather than published duplex criteria have been suggested for the assessment of carotid and renal artery stenosis. [36] [37] [38] RDS also has been reported to be sufficiently sensitive for detection of high-grade RAS. 39 The severity of most RDS-undiagnosed cases (154 of 222 renal arteries) of ARAS was < 50% in the present study, and the number of patients with > 75% RAS in the positive RDS group was significantly higher than in the negative RDS group (50% vs. 25.23%, p = 0.02), which also supports the results of Zeller et al. 39 Overall, the above limitations might account for the large variability in sensitivity and accuracy in the use of RDS for the assessment of ARAS in the present and a previous study. 12 This could also explain why only 138 of 5,950 (2.32%) patients with hypertension received a diagnoses of significant RAS using RDS in the study of Radermacher et al. 3 However, RDS is relatively inexpensive and convenient, has severity detection ability, and avoids the use of contrast media. These clear advantages, combined with the high specificity (92.37%) and reasonable positive predictive value (75.68%) demonstrated in the present study, suggest that RDS might still be the diagnostic procedure of choice for screening outpatients for ARAS. However, the 95 subjects with > 50% RAS by MRA, which was confirmed through renal artery angioplasty for diagnosis and treatment, were not randomized. Therefore, the high concordance rate of angioplasty and MRA needs further evaluation.
Although a body mass index of < 25 kg/m 2 has been reported as a predisposing factor for ARAS, 40 it was not apparent in our study; this might be related to the leaner, Asian population included in this study. In our study, cases with CAD, increased age, impaired renal function and a history of smoking had a significantly higher likelihood of being diagnosed with ARAS. In a multivariate logistic regression analysis (Table 5) , age > 65 years, smoking duration, CAD and Scr > 4 mg/ dL were significant and independent factors for ARAS in the negative RDS but positive MRA patients. These factors reflect risk factors for generalized vascular disease, [41] [42] [43] [44] [45] therefore, it is appropriate to recommend MRA for those deemed to be at high risk for vascular disease, in circumstances when RAS is considered likely on a clinical basis.
In conclusion, RDS might still be the diagnostic procedure of choice for screening outpatients for ARAS. It is inexpensive and convenient, offers severity detection, and avoids the use of contrast media. When RDS is negative in aged people who have smoked for > 20 years, with CAD or Scr > 4 mg/dL, MRA is recommended for further evaluation of ARAS.
